Abstract -The sampling of bioaerosols has been carried out using a Rotorod sampler as well as by exposing culture plates. The screening of some common vegetables was also done for the isolation of fungi as market pathogens to study post-harvest diseases. Altogether, fifty nine fungal spore types and 78 species of 33 genera belonging to different groups were recorded respectively on the rotorod strips and on exposed Petri dishes. Many saprophytic and pathogenic fungi were found to be associated with sampled vegetables from the market. In all forty-six fungal species belonging to 26 genera were recovered from five varieties of vegetables collected from the same market. The most dominant forms of fungi were of Aspergillus followed by Cladosporium, Penicillium, Alternaria, Fusarium, Curvularia, Trichoderma, and Rhizopus. Aspergillus niger, A. flavus, A. fumigatus, Penicillium spp. and Cladosporium herbarum, found to be dominant during the period of investigation. Important mycotoxin-producing fungi such as A. flavus, A. fumigatus and Fusarium moniliforme were isolated from the vegetables collected from the market.
Introduction
In many market places, spoiled material, dumped plant material and debris are often present and are likely to act as reservoirs of plant pathogens due to the constant build up of the spore population from fungi growing on them. The activity of nearly all fungi is to carry out biodegradation and deterioration because of their requirements for prime sources of carbon, nitrogen and other nutrients (PITT and HOCKING 1985) . The deterioration of raw vegetables may also be caused by physical damage, the action of their own enzymes, microbial action or a combination of these factors.
Material and methods
The geographical location of Nagpur is 79 degrees 8 minutes east and 21 degrees 8 minute north. Thus it can be said that Nagpur falls in the Deccan plateau region. The city is located in Maharashtra State and lies in the center of India; the zero milestone of India is situated within this city. An aero-mycological survey was carried out in a vegetable market at Fule market (21°8' 45" N/79°5' 26"E) in Nagpur city. It is one of the main outdoor vegetable markets of Nagpur City (M.S.), from which a number of vegetables are marketed and transported to different local and outstation markets. This market is situated in the heart of the city and surrounded on all sides by schools, quarters, gardens, railway station etc. The study was undertaken at different seasonal climatic conditions i.e., monsoon (June-September), winter (October-February) and summer (March-May) for the period of two years.
Bioaerosols were sampled using a rotorod air sampler and settle plates (9 cm diameter Perti dishes) to provide quantitative and qualitative measurements of fungal spores respectively. The rotorod air sampler with a sampling rate of 100 L min -1 (Tilak Air Sampler, 1982) was used to analyze the total spore counts. The sampler was operated for 15 min. at the height of one meter above the ground level at fifteen day intervals. The sampling was done during morning (07 am to 10 am) when the market was most active. Exposed cellophane tapes were mounted with glycerin jelly and examined under a microscope. The trapped spores were identified with the help of reference slides and available standard literature (AINSWORTH et al. 1972; TILAK 1982 TILAK , 1989 NAIR et al. 1986) .
For the qualitative analysis of fungi three different media were used: Czapek's Dox Agar (CZ), Potato Dextrose Agar (PDA) and Martin's Rose Bengal Agar (MRBA). Two Petri dishes of each medium were exposed for 3 minutes at intervals of 15 days during morning when market activities like loading unloading, agitation, weighing of vegetables were at their peak. All the Petri dishes were kept at different heights (0.5-1 m) above the ground. After exposure to the air the Petri dishes were brought to the laboratory in pre-sterilized polythene bags and incubated at 25°C for 5-7 days. Colonies were counted and identified. The identification of colonies was based on their color, size, shape and other morphological features (GILMAN 1957 , BARNETT 1960 , RAPER and FENELL 1965 , RAPER and THOM 1968 , SMITH 1969 , AINSWORTH et al. 1972 , ELLIS 1971 . The temperature and relative humidity of the air during the experiments were also recorded.
Samples of fresh as well as previously infected or rotten vegetables (cabbage, beans, onion, potato, tomato) were collected in pre-sterilized polythene bags from the same market to examine post-harvest fungi. For the growth of fungi, these vegetables were incubated using a sterile moist blotter method for 5 to 7 days. Fungi were isolated from these vegetable samples and observed directly by preparing lacto-phenol cotton blue mounts. Fungi isolated by this technique were sub-cultured to Sabouraud's agar and CZ medium and colonies grown for further identification up to species level.
Results and discussion
Quantitative and qualitative analysis of air samples showed that the market environment was contaminated by some major fungal spore types such as Aspergillus, Penicillium, Cladosporium, Alternaria. The spore population of fungi followed a definite seasonal variation in the weather prevailing over the market environment. The highest incidence of spores was observed during August to January (monsoon and winter) while March-May (summer) was the lean period.
Quantitative and qualitative analysis of bioaerosols:
Altogether 59 spore types and 78 fungal species were identified from the air of vegetable market by the rotorod sampler and settle plate method respectively. These belonged to 33 genera. Three spore types from the Zygomycotina, 13 from the Ascomycotina, 3 from the Basiodiomycotina and 30 from the Deuteromycotina were recovered by rotorod sampling. Unidentified, less frequent spore types, pollen grains and other bioerosols were classified as other types. Sixty-six species belonging to the class Deuteromycotina were identified from the settle plates, 10 from the Zygomycotina and 2 from the Ascomycotina. Unidentified colonies including yeasts and less frequent taxa were grouped as unidentified colonies (Tab. 1, 2).
More spore types and fungal species were found in the months of August, November and January than in April and May (summer). During the monsoon and winter seasons more varieties of vegetables and fruits are available in the market than at other time. The greater concentration of fungal spores during the winter and rainy seasons may be due to the greater availability of dead and decaying material in the market yard acting as sources 150 ACTA BOT. CROAT. 71 (1), 2012 KAKDE U. B., KAKDE H. U.
Tab. 1.
Incidence of the dominant spore types collected in air samples in a vegetable market. of inoculum. This coupled with moisture caused by dew in winter and rain in the monsoon, may promote profuse growth of fungi and subsequent sporulation and discharge of spores into the atmosphere.
Spore Types
In the two-year study Aspergillus-Penicillium type spores (small rounded) were the major spore type found, contributing 35.9% for the first year and 34.8% for the second year of the investigation to the total bioaerosols. Rest of the bioaerosols were made up of Cladosporium, Alternaria, Curvularia and Helminthosporium (Tab. 1). The majority of these fungal species were present throughout the year. Aspergillus species followed a seasonal trend. Meteorological conditions such as high temperature and low humidity during the summer contribute fewer fungi while in the rainy season the concentration of fungi is significantly increased in the atmosphere of market. High concentrations of these fungal spores have been reported in different working environments (SUMBALI and BADYAL 1991 , SULIA and KHAN 1980 , ROSAS et al. 1992 , KAKDE et al. 2001 ). Spores of some fungi (Aspergillus, Penicillium, Cladosporium etc.) become airborne as a consequence of active liberation mechanism or more often in working environments by agitation of their substrates (INGOLD 1971) . Handling of unwashed vegetables was responsible for the increase of the spore load concentration in the air especially of Cladosporium and Penicillium (LEHTONEN et al. 1993 ). These genera were also isolated from the surface samples of vegetables.
The seasonal pattern of Aspergillus, Cladosporium, Penicillium, Alternaria and other dominant fungi are governed by the availability of dead and decaying organic matter and their prevalence throughout the year was because of abundant substrata available for their growth in all the seasons in the market. In the present investigation variation in the spore concentrations was recorded in the different months (Fig. 1) . The difference in the spore concentration and types could be due to the prevailing environmental conditions and presence of agricultural waste, plant debris and infected vegetables and fruits in the market environments. The release of fungal spores and consequently their concentrations in the atmosphere are the result of the action of many biological and environmental factors. The occurrence of fungal spores in the air is markedly seasonal because of these organisms' sensitivity to weather changes (HJELMROOS 1993 , CRAIG and LEVETIN 2000 , STEPALSKA and WOLEK 2005 .
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ACTA BOT. CROAT. 71 (1), 2012 KAKDE U. B., KAKDE H. U. Altogether forty-six fungi from 26 genera were isolated from selected common vegetables collected. There were 5 Zygomycotina species; one Ascomycotina and the rest of the species were Deuteromycotina. The largest number of species (46) was found on cabbage and cauliflower, 27 on tomato, 26 on bean, 24 on potato, and 15 on onion (Tab. 3). Some of the species found are presented in figure 2.
In the present investigation a few more fungal species were isolated from the air during August, November, December and January (Fig. 1) . The incidence of post-harvest diseases in the vegetables was also higher than in other months. As the concentration of fungal spores in the air decreases, the frequency of occurrence of fungi on the vegetables also decreases, and vice-versa. Aspergillus species were found to be the chief contaminant from the total species isolated. The most frequently isolated fungal species from vegetables were Aspergillus niger, A. flavus, Penicillium crysogenum, Curvularia spp., Cladosporiun herbarum, Rhizopus stolonifer, Alternaria spp., Fusarium spp. Aspergillus has been reported as the dominant spore type in markets and other environments by many researchers (SULLIA and KHAN 1980 , PANDURAJAN and SURRYANARAYANAN 1985 , SANTRA and CHANDA 1989 , ABDEL-HAFEZ et al. 1989 , SUMBALI and BADYAL 1991 , DUCHAINE et al. 2001 , KAKDE et al. 2001 ).
In the last few years it has been reported that the spores and sclerotia of toxic fungi contain very large concentrations of mycotoxins. The spores of Aspergillus flavus and A. parasiticus have been reported to contain 1100 mg g -1 of aflatoxin, which is carcinogenic to human beings (WICKLOW and SHOTWELL 1983 A series of experiments on fungal species isolated both from vegetables and air were carried out. One such experiment reported the correlation coefficient (r) between percent occurrence of 15 fungal species on selected vegetables (x) and percent occurrence in air (y) as 0.7595. This indicates a strong positive linear dependence between x and y.
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ACTA BOT. CROAT. 71 (1), 2012 KAKDE U. B., KAKDE H. U. Can it be concluded that, in the population of these fungal species, the population correlation coefficient, r = 0.50 is significant? The problem in this situation is to test the null hypothesis H 0 : r = 0.50 against the alternative hypothesis H 0 : r ¹ 0.50.
We are given n = 15, r = 0.7595 and r 0 = 0.50. Since, T <196 . , we accept H 0 at the 5% level of significance and conclude that the data support the hypothesis.
Hence, using information on the percentage isolation of fungal species on vegetables, the percentage isolation in air can be predicted.
Conclusion
The most frequent associated fungi isolated from the vegetable and fruits were Aspergillus niger, A. flavus, Penicillium crysogenum, Curvularia spp., Alternaria spp., Fusarium spp. Aspergillus, Penicillium, Cladosporium, Fusarium, Alternaria etc. These fungi were most prevalent in the air of market environment and also found to be responsible for most of the decay of the vegetables during storage. Hence, there is probably a cyclic relationship existing between the prevalence of fungal bioaerosols and spoilage diseases in market environments. That may be due to the growth of fungi on dumped plant materials, packing leaves, infected vegetables and fruits, where fungi grow saprophytically and produce spores profusely, consequently contaminating the environment. There was a good correlation between the number of visible mold growths on collected vegetables from the market and the concentration of airborne molds in the market environment. Although there were fewer fungal species in the air, all the dominant fungal spores recovered from the air were also isolated from the samples of vegetables collected.
